Abstract: General, fast, and efficient stitching methods are presented for the synthesis of Fréchet-type dendrimers with linear units at a core, as a preliminary investigation for the synthesis of dendritic-linear-dendritic materials. The synthetic strategy involved an inexpensive, 1,3-dipolar, cycloaddition reaction between an alkyne and an azide in the presence of the Cu(I) species, which is known as the best example of click chemistry. The linear core building blocks, 1,7-octadiyne and 1,6-diazidohexane, were chosen to serve as the alkyne and azide functionalities for dendrimer growth via click reactions with the azide and alkyne-dendrons, respectively. These two building blocks were employed together with the azide-and alkyne-functionalized Fréchet-type dendrons in a convergent strategy to synthesize two kinds of Fréchet-type dendrimers with different linear core units. This comparative efficiency of the click methodology supports the fast and efficient synthesis of dendritic-linear-dendritic materials with the tailor made core unit.
Introduction
Dendrons and dendrimers are the most intensely investigated subset of dendritic polymers. Dendrimers, which are prepared by repetition of a given set of reactions using either divergent or convergent strategies, are highly branched and regular macromolecules with well-defined structures and have served as functional objects in nanotechnology and nanoscience.
1,2 The amphiphilic dendrimer polymers consisting of both hydrophobic and hydrophilic regions in the same molecule appear as an important issue throughout the physical and life sciences and can be considered unimolecular micelles. Amphiphilic dendrimer polymers can be classified into dendritic-linear polymers possessing a hydrophilic dendritic component and a hydrophobic linear polymer (or vice versa) and unimolecular dendritic amphiphiles.
3 Amphiphilic dendritic-linear block copolymers are believed to combine the advantageous properties of both linear and dendritic amphiphiles.
4-8 Dendritic-linear diblock copolymers have been synthesized by the stepwise preparation methods, which proceed in either a convergent or divergent strategy.
The former involves the coupling of preformed linear polymers functionalized at one or both chain ends with reactive dendrons having a complementary functionality at their focal point.
9-12 The latter is that the dendritic segment is grown via a divergent strategy from a suitably end-functionalized linear polymer [13] [14] [15] or that reactive functionality at the focal point of dendrons can also serve as macromolecular initiators in the polymerization.
16
The building blocks of the linear-dendritic copolymers are only two, but they could be positioned in several distinct configurations due to the presence of multiple anchoring points in both of them. The size (length and generation) and the polarity of the blocks would determine the relative hydrophobic/hydrophilic balance and ultimately affect the solution and solid-state properties of the hybrids. The characteristic feature is the attachment of two monodendrons to the extremities of a single linear chain. The variation of chain length and dendrimer size in this group also offers interesting macromolecular geometries.
17 The reaction, which leads to quantitative formation of linear-dendritic structures, is the Williamson ether synthesis involving aliphatic primary alcohols and benzyl bromide-containing monodendrons.
11 However, it should be noted that the attempted
Williamson ether reaction between Fréchet-type dendritic bromides and hydroxyl-terminated poly(styrene) homopolymer or poly(styrene)-block-poly(ethylene oxide) copolymer failed to produce the desired linear-dendritic structure.
18
Probably the block solubility and compatibility is the dominant (and prohibitive) factor in this case since the reactivity of both participating groups should remain the same as in the previous studies. The coupling chemistry has a similar effect on the outcome of the synthesis. Recent solid chemistry is the click chemistry which is the copper-catalyzed 1,3-dipolar cycloaddition reaction between alkyne and azide developed by Sharpless and Tornøe. 19 This reaction is characterized by mild and simple reaction conditions, reliable 1,4-regiospecific 1,2,3-triazole formations, and tolerance towards water as well as a wide range of functionalities, and is clearly a breakthrough in the synthesis of dendrimers 20, 21 and dendritic and polymer materials.
22-24 We have developed the fusion and stitching methods for the synthesis of dendrimers and diblock codendrimers using click chemistry between an alkyne and an azide.
21 Taking advantage of this fact, herein we report the synthesis of Fréchet-type dendrimers with linear core moieties by the stitching method of dendrons (Figure 1) . Because of the high yields and lack of byproducts provided by the click chemistry for stitching together dendrons and core unit, the various dendritic-linear-dendritic materials could be obtained easily and shown the characteristic behaviors.
Experimental

General.
1 H NMR spectra were recorded on a 300 or 500 MHz NMR spectrometer using the residual proton resonance of the solvent as the internal standard. Chemical shifts are reported in parts per million (ppm). When peak multiplicities are given, the following abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; d of d, doublet of a doublet; m, multiplet; br, broad.
13
C-NMR spectra were proton decoupled and recorded on a 75 or 125 MHz NMR spectrometer using the carbon signal of the deuterated solvent as the internal standard. FAB and MALDI mass spectra were obtained from Korea Basic Science Institute (KBSI) in Daegu or Daejeon and POSTECH. Flash chromatography was performed with 37-75 μm silica gel. Analytical thin layer chromatography was performed on silica plates with F 254 indicator and the visualization was accomplished by UV lamp or using an iodine chamber. Polydispersity (PDI) of dendrimers was determined by gel permeation chromatography (GPC) analysis relative to polystyrene calibration (Agilent 1100 series GPC, Plgel 5 μm MIXED-C, refractive index detector) in THF solution.
General Procedure for the Preparation of Dendrimers 5-Gm from Azide-dendrons 1-Dm and 1,7-Octadiyne 3. A mixture of azido-dendrons 1-Dm (0.22 mmol) and 1,7-octadiyne 3 (0.1 mmol) in DMF-H 2 O (4 : 1, 2 mL) in the presence of 10 mol% CuSO 4 ·5H 2 O with 20 mol% sodium ascorbate was stirred at 50 o C for ~18 h. The reaction mixture was poured into brine (20 mL) and the resulting solution was extracted with EtOAc (20 mL × 3). The combined organic phase was dried with sodium sulfate, concentrated, and purified by column chromatography to afford the desired product 5-Gm.
5-G1. A yellowish oil; 98% yield; IR 3009, 2940 IR 3009, , 2839 IR 3009, , 1597 IR 3009, , 1466 IR 3009, , 1350 IR 3009, , 1204 IR 3009, , 1157 IR 3009, , 1057 4, 28.8, 54.0, 55.3, 100.3, 105.9, 120.6, 137.0, 148.4 25.3, 28.8, 53.9, 55.3, 70.0, 99.9, 102.0, 105.2, 107.1, 120.6, 137.1, 138.8, 148.4, 160.2, 161.0 
